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1
ENDOSCOPE APPARATUS INCLUDING A
PLURALITY OF LIGHT-EMITTING DEVICES

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation application of PCT/
JP2012/073829 filed on Sep. 18, 2012 and claims benefit of
Japanese Application No. 2012-032902 filed in Japan on Feb.
17,2012, the entire contents of which are incorporated herein
by this reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an endoscope apparatus
having a plurality of illumination sections that emit illumi-
nating light, with which a site to be observed is irradiated, and
a control section which controls driving of the plurality of
illumination sections.

2. Description of the Related Art

Among endoscope apparatuses, a so-called electronic
endoscope apparatus is generally known which has an illu-
mination section emitting illuminating light and obtains an
image signal corresponding to an image of an object by irra-
diating a site to be observed with light emitted from the
illumination section as illuminating light, receiving return
light of the illuminating light reflected from the object with a
solid image pickup device, such as a CCD (charge coupled
device), (exposing the solid image pickup device to the return
light), and photoelectrically converting the return light.

Among such electronic endoscope apparatuses, a so-called
frame-sequential endoscope apparatus is generally known.
The frame-sequential endoscope apparatus does not have a
light-receiving side color filter at a front face of each light-
receiving device of a solid image pickup device and irradiates
a site to be observed with illuminating lights of a plurality of
colors required for formation of an endoscopic image in
sequence. The frame-sequential endoscope apparatus
exposes the solid image pickup device to light for one image
pickup cycle with each irradiation operation with illuminat-
ing light, photoelectrically converts return light reflected
from an object with the solid image pickup device, and
obtains an image signal of a predetermined color for every
image pickup cycle. The frame-sequential endoscope appa-
ratus can obtain one endoscopic image by combining image
signals of individual colors obtained in respective image
pickup cycles.

Examples of the frame-sequential endoscope apparatus
include a frame-sequential endoscope apparatus that has a
light source apparatus in which a color wheel, having irradia-
tion side color filters of respective colors for generating illu-
minating lights of a plurality of colors required for formation
of an endoscopic image, is arranged, e.g., in front of a light
source emitting white light and irradiates an object in rotation
with illuminating lights of the plurality of colors, such as R,
G, and B, from a distal end portion of an endoscope insertion
portion via a light guide or the like by rotationally driving the
color wheel.

In the endoscope apparatus with the above-described con-
figuration, an irradiation time period and an irradiation cycle
(timing for irradiation) for illuminating lights of the indi-
vidual colors, such as R, G, and B, depend on a rotation cycle
of the color wheel. The endoscope apparatus can obtain an
endoscopic image with appropriate brightness by adjusting
an exposure time period for the solid image pickup device
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2

within the irradiation time period in each of the determined
irradiation cycles to obtain image signals of the individual
colors.

For example, an endoscope apparatus proposed in Japa-
nese Patent Application Laid-Open Publication No. 2007-
29746 is conventionally available in order to reduce color
misregistration or image blurring occurring in an endoscopic
image.

The endoscope apparatus described in Japanese Patent
Application Laid-Open Publication No. 2007-29746 allows
selection of standard time periods, short time periods, or long
time periods as a lighting time period for each of three LEDs
emitting illuminating lights of respective colors of R, G, and
B and an exposure time period for a solid image pickup device
for obtaining an image signal for each color according to an
observation situation in which return light from an object is
bright or dark. The endoscope apparatus also performs con-
trol so as to change an image pickup cycle for the solid image
pickup device and a lighting cycle (timing for lighting) for the
LEDs for the individual colors of R, G, and B to standard
cycles, short cycles, or long cycles according to selection of
the time periods such that an observed image with an opti-
mum image pickup cycle is obtained according to an obser-
vation situation. With the configuration, the endoscope appa-
ratus reduces color misregistration and image blurring in an
endoscopic image.

SUMMARY OF THE INVENTION

An endoscope apparatus according to one aspect of the
present invention is an endoscope apparatus including a tim-
ing generator which outputs an index signal in predetermined
cycles, an image pickup section which is driven on the basis
of the index signal so as to pick up an image of a site to be
observed for each of the predetermined cycles, a plurality of
illumination sections which each have one or a plurality of
light-emitting devices and emit illuminating light, with which
the site to be observed is irradiated, and an illumination con-
trol section which controls driving of the plurality of illumi-
nation sections, wherein the light with which the site to be
observed is irradiated by the individual illumination sections
comprises lights of different colors, and the illumination con-
trol section performs control so as to sequentially drive the
plurality of illumination sections such that driving time peri-
ods for the plurality of illumination sections do not overlap
with each other or one another within one image pickup cycle
which is a period from when the index signal is inputted to
when a next index signal is inputted and performs control so
as to conduct, within the image pickup cycle, at least a first
drive within the image pickup cycle of one of the illumination
sections which is a second or subsequent one to be driven with
reference to a timing for driving of an illumination section
which is driven earlier than the illumination section that is the
second or subsequent one to be driven.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of an
endoscope apparatus according to a first embodiment of the
present invention;

FIG. 2 is intended to explain action of the endoscope appa-
ratus in FIG. 1 and is a timing chart for an index signal, LED1,
and LED2;

FIG. 3 is a configuration diagram showing a configuration
of a first modification of an insertion portion distal end por-
tion of the endoscope in FIG. 1;
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FIG. 4 are timing charts for explaining action of an endo-
scope apparatus according to a second embodiment of the
present invention;

FIG. 5 is a timing chart showing a control example of an
endoscope apparatus according to a second modification;

FIG. 6 is a schematic diagram showing a configuration of a
light source unit according to a first disclosed example;

FIG. 7 is a schematic diagram showing an operating con-
dition when LED]1 in FIG. 6 is in failure;

FIG. 8 is a schematic diagram showing a configuration of a
light source unit according to a second disclosed example;
and

FIG. 9 is a schematic diagram showing an operating con-
dition when LED1 in FIG. 8 is in failure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will be described in
detail below with reference to the drawings.

First Embodiment

FIG. 1 is a block diagram showing a configuration of an
endoscope apparatus according to a first embodiment of the
present invention.

An endoscope apparatus 1 shown in FIG. 1 is configured to
include an electronic endoscope (hereinafter referred to as an
endoscope) 2 which is inserted into a body cavity to observe
asiteto be observed, a light source apparatus 3 which supplies
normal light and special light to the endoscope 2, and a
processor 5 which performs signal processing on an image
signal obtained through image pickup by the endoscope 2 and
causes the processed signal to be displayed on a monitor 4.

The endoscope 2 has a solid image pickup device such as a
CCD (hereinafter referred to as a CCD) 7 which is a solid
image pickup device provided at a distal end portion 2B of an
insertion portion 2A to be inserted into a body cavity, an
objective lens system 8 which is disposed in front of the CCD
7 of the distal end portion 2B, a light guide 9 which guides
observation illuminating light to the distal end portion 2B of
the insertion portion 2A, an operation switch (not shown)
which is provided at an operation portion for operation of the
endoscope 2, a connector portion 10 for connection to the
light source apparatus 3, and an electric connector portion 11
for connection to the processor 5.

The endoscope apparatus 1 is capable of normal light
observation with normal light and special-light observation
with special light (narrow band observation (narrow band
imaging: NBI) with narrow band light here).

The endoscope 2 has light-receiving side color filters 7a of
a plurality of colors required for formation of an endoscopic
image which are arranged with regularity at front faces of a
plurality of light-receiving devices of the CCD 7.

The light-receiving side color filters 7a are complementary
color filters. Image signals of the individual colors are
obtained by using difference values among the amounts of
return lights having transmitted the light-receiving side color
filters 7a of the individual colors.

Note that the light-receiving side color filters 7a are not
limited to complementary color filters. For example, light-
receiving side color filters for normal light of, e.g., R, G, and
B and at least one light-receiving side color filter for special
light required for formation of an endoscopic image under
special light may be disposed with predetermined regularity
to obtain image signals of the individual colors. Alternatively,
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4

a light-receiving side color filter for normal light may also
serve as a light-receiving side color filter for special light.

The light source apparatus 3 and the processor 5 each have
a plurality of observation modes and support both a normal
light observation mode and a special-light observation mode
in particular. The endoscope apparatus 1 can perform normal
light observation and special-light observation by using the
light source apparatus 3 and the processor 5 in combination
with the endoscope 2.

The processor 5 has a timing generator 12 for timing con-
trol for the entire endoscope apparatus 1, a CCD driver 13
which drives the CCD 7 in the endoscope 2, an image pro-
cessing section 14 which processes an image signal from the
CCD 7, a control section 15 which controls the whole of the
endoscope apparatus 1, and input and display means (not
shown), such as a keyboard and a front panel.

The timing generator 12 generates an index signal which is
a timing signal for image pickup by the CCD 7 and supplies
the index signal to the control section 15. The control section
15 controls the CCD driver 13 on the basis of the index signal
to drive the CCD 7.

Note that the index signal is an image pickup start timing
signal corresponding to each image pickup cycle S (see FIG.
2) for the CCD 7, i.e., a reference signal synchronous with an
exposure period for the CCD 7 and is, for example, a vertical
synchronizing signal, which is produced in cycles of once an
endoscopic image for one field and one frame. The index
signal is, of course, not limited to the vertical synchronizing
signal described above, and a similar reference signal gener-
ated by different means may be used.

The image processing section 14 processes an image signal
from the CCD 7 and outputs the processed signal to the
monitor 4. With the operation, an endoscopic image is dis-
played on the monitor 4.

The image processing section 14 is provided with a bright-
ness detection section 14a. The brightness detection section
14a determines brightness of an endoscopic image on the
basis of image signals in a former image pickup cycle and
outputs a detection result to the control section 15.

The control section 15 controls the CCD driver 13 on the
basis of an index signal to drive the CCD 7. The control
section 15 also controls signal processing by the image pro-
cessing section 14 and causes an obtained endoscopic image
to be displayed on the monitor 4.

The control section 15 performs communication with an
LED control section 17 (to be described later) in the light
source apparatus 3 via a signal cable 6 and exchanges various
data with the LED control section 17.

In the present embodiment, the control section 15 outputs
a brightness detection result from the brightness detection
section 14a and an index signal from the timing generator 12
to the LED control section 17 in the light source apparatus 3.

Note that a brightness detection result may be directly
outputted from the image processing section 14 to the LED
control section 17 without the control section 15.

Although the timing generator 12, the CCD driver 13, the
image processing section 14, and the control section 15 are
separately configured in the present embodiment, some or all
of the components may be configured as one component by
using, for example, an FPGA (field programmable gate
array).

The light source apparatus 3 is configured to include a light
source unit 16 and the LED control section 17 that controls
the light source unit 16.

The light source unit 16 has LED1 and LED2 constituting
a plurality of illumination sections, each having one or a
plurality of light-emitting devices, an optical filter 18, and a
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lens 19 for irradiating an end face of the light guide 9 with
illuminating light from the optical filter 18.

Note that although an LED is used as a light-emitting
device in the present embodiment, the present invention is not
limited to an LED, and a laser diode or an organic EL. may be
used instead.

LED1 is, for example, an LED which emits white light, and
LED2 is, for example, an LED which emits violet (V) light.
That is, in the endoscope apparatus 1 according to the present
embodiment, the two LEDs, LED1 and LED2, are provided
as the plurality of illumination sections in order to perform
special-light observation, such as narrow band observation.

Note that the plurality of illumination sections are not
limited to the two LEDs, LED1 and LED2. For example, the
plurality of illumination sections may be configured by pro-
viding three or more LEDs such that a necessary luminescent
color is obtained.

The optical filter 18 has an optical property of converting
white light from LED1 into green (G) and irradiating the lens
19 with the light and reflecting violet light from LED2 and
irradiating the lens 19 with the light.

That is, in the endoscope apparatus 1 according to the
present embodiment, the two LEDs, LED1 and LED2, as the
plurality of illumination sections and the optical filter 18 are
provided in order to obtain green (G) light and violet light
required to perform special-light observation, such as narrow
band observation.

The optical filter 18 is configured to be pivotable about a
shaft 18a as a fulcrum so as to retreat from inside an optical
path of light from LED1.

That is, in the endoscope apparatus 1 in FIG. 1, a position
where the optical filter 18 is arranged indicates a state in
which special-light observation, such as narrow band obser-
vation, is to be performed.

If normal light observation is performed with normal light
that is white light, when switching to the normal light obser-
vation mode is performed through an operation at the opera-
tion portion (not shown) of the endoscope 2, the control
section 15 in the processor 5 outputs a control signal for
executing the normal light observation mode to the LED
control section 17 in the light source apparatus 3. Upon
receipt of the control signal, the LED control section 17
controls a drive section (not shown) which applies driving
force to the optical filter 18. With the control, the optical filter
18 retreats from inside the optical path for LED1 and is
arranged at a retreat position (a position indicated by a broken
line in FIG. 1). The lens 19 is irradiated with white light only
from LED1, and white light required for normal light obser-
vation is obtained.

The lens 19 irradiates the end face of the light guide 9 with
incident light. With the irradiation, illuminating light from the
light source unit 16 is transmitted to the distal end portion 2B
of the endoscope 2 by the light guide 9, and an object is
irradiated with the illuminating light.

The LED control section 17 serving as an illumination
control section performs lighting control on LED1 and LED2
in the light source unit 16 on the basis of a brightness detec-
tion result from the brightness detection section 14 in the
processor 5 and an index signal from the timing generator 12.
The LED control section 17 also controls the drive section
(not shown) on the basis of a control signal from the control
section 15 such that the optical filter 18 is arranged at a
position corresponding to normal light observation or spe-
cial-light observation.

Note that although control of the light source unit 16 in the
endoscope apparatus 1 has been described as being per-
formed by the LED control section 17 in the present embodi-
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ment, the control section 15 in the processor 5 and the LED
control section 17 in the light source apparatus 3 may each be
composed of, e.g., an FPGA (field programmable gate array).

When normal light observation is performed in the endo-
scope apparatus 1 according to the present embodiment, the
LED control section 17 does not light LED2 and drives LED1
on the basis of an index signal which is an image pickup start
timing signal corresponding to each image pickup cycle for
the CCD 7. The LED control section 17 also variably controls
a driving time period for LED1 to adjust an amount of expo-
sure within the image pickup cycle described above.

That is, the LED control section 17 stores, for example,
standard brightness in one image pickup cycle. The LED
control section 17 calculates a lighting period for LED1 on
the basis of a difference between the brightness and a bright-
ness detection result which indicates brightness of a previous
field or a previous frame and drives LEDI.

With the driving, an object is irradiated with white light as
normal light, and the CCD 7 is exposed to return light of the
irradiating light for one image pickup cycle. The CCD 7
performs photoelectric conversion on the basis of compo-
nents of the return light which have passed through the light-
receiving side color filters 7a and obtains image signals of the
individual colors in the one image pickup cycle. The image
signals of the individual colors are combined, and an endo-
scopic image under normal light observation in one image
pickup cycle is obtained.

When special-light observation is performed in the endo-
scope apparatus 1 according to the present embodiment, the
LED control section 17 successively and sequentially drives
the two LEDs, LED1 and LED2, on the basis of an index
signal which is an image pickup start timing signal corre-
sponding to each image pickup cycle for the CCD 7 such that
driving time periods for LED1 and LED2 do not overlap with
each other. The LED control section 17 variably controls the
driving time periods for the two LEDs, LED1 and LED2, in
order to adjust an amount of exposure within the image
pickup cycle. The LED control section 17 performs control so
as to conduct, within the image pickup cycle, at least a first
drive within the image pickup cycle of LED?2 that is a second
or subsequent one to be driven with reference to a timing for
driving of LED1 that is driven earlier.

Inthe case, the LED control section 17 performs control so
as to conduct, within the image pickup cycle, at least the first
drive within the image pickup cycle of LED2 that is the
second or subsequent one to be driven substantially at a same
time as a timing for stopping of driving of LED1 that is driven
earlier.

That is, the endoscope apparatus 1 has a plurality of obser-
vation modes, and whether to light each of the plurality of
LEDs is controlled according to an observation mode desig-
nated or selected by a user.

An example of such lighting control of LED1 and LED2 by
the LED control section 17 will be described with reference to
FIGS. 1 and 2.

FIG. 2 are timing charts for explaining action of the endo-
scope apparatus in FIG. 1. FIG. 2(a) shows an index signal,
FIG. 2(b) shows a driving signal for LED1, and FIG. 2(c)
shows a driving signal for LED2. Note that “High” level in
FIG. 2 indicates an on status of a signal while “Low” level
indicates an off status of the signal.

Assume a case where after the endoscope apparatus 1
shown in FIG. 1 is powered on, the insertion portion 2A is
inserted into a body cavity, and special-light observation with
narrow band light is performed on a site to be observed inside
the body cavity.
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In the case, the endoscope apparatus 1 according to the
present embodiment performs lighting control of the light
source unit 16 in the light source apparatus 3 with timing as
shown in FIG. 2.

That is, when an index signal with timing as shown in FIG.
2(a) from the timing generator 12 in the processor 5 and a
brightness detection result from the brightness detection sec-
tion 14a are supplied to the LED control section 17 in the light
source apparatus 3, the LED control section 17 first calculates
respective lighting periods T1 and T2 for LED1 and LED2 on
the basis of the brightness detection result within an image
pickup cycle S (a shown period from time t0 to time ts) for the
CCD 7 which depends on an index signal that is an image
pickup start timing signal.

Inthe case, the LED control section 17 stores, for example,
standard brightness in one image pickup cycle and calculates
the lighting period T1 for LED1 and the lighting period T2 for
LED2 on the basis of a difference between the brightness and
a brightness detection result which indicates brightness of a
previous field or a previous frame. That is, the LED control
section 17 calculates driving time periods for the individual
illumination sections on the basis of a difference between the
predetermined brightness in one image pickup cycle and
brightness of a field or a frame in an image pickup cycle
previous to an image pickup cycle in question.

After the lighting periods T1 and T2 for the individual
LEDs, LED1 and LED2, are determined, the LED control
section 17 causes LED1 to emit light at time t0 when an index
signal shown in FIG. 2(a) changes to “High” level (see FIG.
2(b)). White light emitted by LED1 is converted into green
(G) light by the optical filter 18, and the green light is made by
the lens 19 to come incident on the end face of the light guide
9.

After a lapse of the lighting period T1 for LEDI, i.e., at
time t1, the LED control section 17 performs control so as to
extinguish LED1 and at a same time light LED2 (see FIGS.
2(a) and 2(b)). A timing for lighting of LED2 may be con-
trolled with reference to the lighting time period for LED1 or
extinction of LED1.

That is, LED2 is lighted at a same time as extinction of
LEDI1 even within a lighting permission period (time t0 to
time ts) for LED1.

At time t1, violet light emitted from LED2 is reflected by
the optical filter 18 and is made by the lens 19 to come
incident on the end face of the light guide 9. LED2 is kept on
during the calculated lighting period T2, i.e., until time t2.

With the series of operations, an object is sequentially
irradiated with green (G) light and violet light that are each
special light within one image pickup cycle for the CCD 7.
The CCD 7 is exposed to return lights of the irradiating lights
within one exposure period within the one image pickup
cycle. The CCD 7 photoelectrically converts light passing
through the light-receiving side color filters 7a and obtains
image signals of the individual colors in the one image pickup
cycle. The image signals of the individual colors are com-
bined, and an endoscopic image under special-light observa-
tion in the one image pickup cycle is obtained.

Note that although switching from extinction of LED1 to
lighting of LED2 has been described as being performed at
time t1 without a time lag in the present embodiment, the
present invention is not limited to this. For example, a time lag
may occur depending on performance ofthe CCD driver 13 in
the processor 5. Note that a configuration intended to mini-
mize occurrence of a time lag is desirable from a viewpoint of
reducing color misregistration and image blurring in an endo-
scopic image.
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Although a timing for lighting of LED?2 is controlled with
reference to the lighting period T1 for LED1 or timing t1 for
extinction in the present embodiment, the present invention is
not limited to this. For example, as shown in FIG. 1, an optical
sensor 20 which detects light emitted from LED1 may detect
extinction of LED1, and the timing for lighting of LED2 may
be controlled on the basis of a result of the detection. That is,
the timing for stopping of LED1 may be detected on the basis
of a detection result from the optical sensor that detects light
emitted from LED1 that is driven earlier, and the timing for
lighting of LED2 may be controlled.

With the lighting control of LED1 and LED2 by the LED
control section 17, the exposure period for the CCD 7 is equal
to a sum of the lighting period T1 and the lighting period T2,
as shown in FIGS. 2(b) and 2(c). An interval between expo-
sure periods for the plurality of colors within the image
pickup cycle S (see FIG. 2(a)) for the CCD 7 can be short-
ened.

For the reason, even if the distal end portion 2B incorpo-
rating the CCD 7 moves due to movement of a site to be
observed, such as an organ at a site close to a heart quick in
movement, while the site to be observed is observed, since the
interval between the lighting periods for the plurality of LEDs
within the image pickup cycle period S (see FIG. 2(a)) for the
CCD 7 is short or there is little interval, image blurring occur-
ring in an endoscopic image to be displayed on the monitor 4
can be reduced.

There is no time lag between extinction of LED1 and
lighting of LED2 within the image pickup cycle S (see FIG.
2(a)) for the CCD 7, and even if a time lag occurs, the time lag
can be kept within a short time period. Thus, even if the distal
end portion 2B incorporating the CCD 7 moves due to move-
ment of a site to be observed, such as an organ at a site close
to a heart quick in movement, particularly while the site to be
observed is observed, color misregistration occurring in an
endoscopic image to be displayed on the monitor 4 can be
reduced.

In the special-light observation mode, illuminating light of
green (G) is obtained by causing white light from LEDI1 to
transmit the optical filter 18 and converting the white light,
and a loss in the amount of light occurs due to the conversion.
To obtain illuminating light of bright green (G), LED1 thus
needs to be driven with high output. In the present embodi-
ment, the plurality of illumination sections are sequentially
lighted within one image pickup cycle such that driving time
periods for the plurality of LEDs do not overlap with each
other. The configuration makes a load imposed on a power
source for driving the LEDs lighter than a configuration
which simultaneously drives the LEDs with high output and
allows prevention of increase in power source size and
increase in circuit complexity.

Thus, according to the first embodiment, the endoscope
apparatus 1 that can obtain a bright high-quality endoscopic
image with a simple configuration at low cost can be realized.

Note that although a configuration in which the plurality of
illumination sections are limited to the two LEDs, LED1 and
LED2, and switching between the normal light observation
mode and the special-light observation mode is performed is
adopted in the present embodiment, for example, a configu-
ration may be adopted in which three LEDs which emit lights
of respective colors of R, G, and B are provided, and normal
light observation can be performed by performing lighting
control such that the LED control section 17 sequentially
lights the LEDs of'the respective colors of R, G, and B within
one image pickup cycle, as in the special-light observation
mode. As shown in a first modification in FIG. 3, three LEDs
164 to 16¢ which emit lights of respective colors of R, G, and
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B may be provided inside the distal end portion 2B of the
endoscope 2, and the LED control section 17 may perform
lighting control as described above. In the case as well, effects
similar to the effects of the first embodiment are obtained.

Second Embodiment

FIG. 4 are timing charts for explaining action of an endo-
scope apparatus according to a second embodiment of the
present invention. FIG. 5 are timing charts showing a control
example of an endoscope apparatus according to a second
modification.

An endoscope apparatus 1 according to the present
embodiment has a configuration similar to the configuration
of the first embodiment. A method for controlling an LED
control section 17 in a special-light observation mode in a
light source apparatus 3, however, is different from the
method in the first embodiment.

That is, in the endoscope apparatus 1 according to the
present embodiment, the LED control section 17 performs
control so as to drive at least two of a plurality of illumination
sections a plurality of times within an image pickup cycle S.

More specifically, the LED control section 17 equally
divides alighting period T1 for LED1 and a lighting period T2
for LED2 which are calculated in advance on the basis of a
brightness detection result and acquires divided lighting peri-
ods Tlato T1lg and lighting periods T2a to T2g, as shown in
FIG. 4.

That is, a sum of all the equally divided lighting periods
Tla to Tlg equals to the lighting period T1 (see FIG. 2)
acquired in the first embodiment. A sum of all the equally
divided lighting periods T2a to T2g equals to the lighting
period T2 (see FIG. 2) acquired in the first embodiment.

As in the first embodiment, the LED control section 17
lights LED]1 at time t0 when an index signal shown in FIG.
4(a) changes to “High” level (see FIG. 4(b)).

After a lapse of the lighting period T1la for LEDL, i.e., at
time t1, the LED control section 17 performs control so as to
extinguish LED1 and at a same time light LED2, as shown in
FIGS. 4(a) and 4(b).

After a lapse of the lighting period T2a for LED2, i.e., at
time t2, the LED control section 17 performs control so as to
extinguish LED2 and at a same time light LED1. After the
time, the LED control section 17 similarly performs control
s0 as to alternately light LED1 and LED2 in a manner corre-
sponding to the individual lighting periods until lighting dur-
ing the lighting period T1 g and lighting during the lighting
period T2g are completed. That is, the LED control section 17
drives the plurality of LEDs a plurality of times such that each
LED lights up alternately for a lighting time period obtained
by equally dividing a corresponding one of respective driving
time periods for the plurality of LED:s.

The configuration allows shortening of one lighting period
for LED1 and LED2 and does not cause a time lag between a
timing for extinction of LED1 and a timing for lighting of
LED2.

Thus, in the endoscope apparatus 1 according to the second
embodiment as well, occurrence of color misregistration and
image blurring in an endoscopic image can be reduced, as in
the first embodiment.

Note that although the endoscope apparatus 1 according to
the present embodiment obtains the individual lighting peri-
ods by equally dividing the total lighting time period T1 for
LEDI and the total lighting time period T2 for LED2 by a
predetermined number within the image pickup cycle, the
present invention is not limited to this. The total lighting time
period T1 for LED1 and the total lighting time period T2 for
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LED2 may be divided by a given period, and lighting control
of LED1 and LED2 may be performed in a manner corre-
sponding to divided lighting periods, as shown in the second
modification in FIG. 5. That is, the LED control section 17
drives the plurality of LEDs a plurality of times such that each
of the two LEDs lights up alternately for a lighting time
period which is obtained by dividing a corresponding one of
respective driving time periods for the two LEDs by a prede-
termined period.

More specifically, as shown in FIG. 5, the LED control
section 17 divides a lighting period T1 for LED1 and a light-
ing period T2 for LED2 which are calculated in advance on
the basis of a brightness detection result by a given value and
acquires divided lighting periods Tla, T1b, and Tlc and
lighting periods T2a, T2b, and T2c.

In the case, the lighting periods Tla and T1b have same
durations, and a lighting period left over after the lighting
periods Tla and T1b are subtracted from the lighting period
T1 is the lighting period T1c. The lighting periods T2a and
T2b have same durations, and a lighting period left over after
the lighting periods T2a and T2b are subtracted from the
lighting period T2 is the lighting period T2c.

That is, a sum of all the lighting periods T1a, T1b, and T1c
divided by the given value equals to the lighting period T1
(see FIG. 2) acquired in the first embodiment. A sum of all the
lighting periods T2a, T2b, and T2¢ divided by the given value
equals to the lighting period T2 (see FIG. 2) acquired in the
first embodiment.

As in the second embodiment, the LED control section 17
lights LED1 at time t0 when an index signal shown in FIG.
5(a) changes to “High” level (see FIG. 5(5)).

After a lapse of the lighting period T1a for LEDI, i.e., at
time t1, the LED control section 17 performs control so as to
extinguish LED1 and at a same time light LED2, as shown in
FIGS. 5(a) and 5(b).

After a lapse of the lighting period T2a for LED?2, i.e., at
time t2, the LED control section 17 performs control so as to
extinguish LED2 and at a same time light LED1.

After a lapse of the lighting period T1b for LEDI, i.e., at
time t3, the LED control section 17 performs control so as to
extinguish LED1 and at a same time light LED2.

After a lapse of the lighting period T2b for LED2, i.e., at
time t4, the LED control section 17 performs control so as to
extinguish LED2 and at a same time light LED1.

After a lapse of the lighting period T1c for LEDI, i.e., at
time t5, the LED control section 17 performs control so as to
extinguish LED1. After the extinction, the LED control sec-
tion 17 performs control so as to light LED2 and keep LED2
on during the left-over lighting period T2c shown between
times t6 and t7.

Thus, according to the second modification, an interval
between adjacent ones of lighting periods for the plurality of
LEDs can be shortened without equally dividing each lighting
period by a predetermined number, and no time lag occurs
between lighting of LED1 and lighting of LED2. Occurrence
of color misregistration and blurring in an endoscopic image
can thus be reduced, as in the second embodiment.

Note that although control of the light source unit 16 in the
endoscope apparatus 1 has been described as being per-
formed by the LED control section 17 in the first and second
embodiments, the endoscope apparatus 1 may be configured
such that the control is performed by the control section 15 in
the processor 5. Alternatively, the control section 15 in the
processor 5 and the LED control section 17 in the light source
apparatus 3 may be configured as one control section to
control the light source unit 16.
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The endoscope apparatus 1 according to the present inven-
tion is configured such that the two LEDs, LED1 and LED2,
are provided to perform both of normal light observation and
special-light observation, such as narrow band observation.
Even if either one of the LEDs fails during observation,
illuminating light required to, e.g., remove the insertion por-
tion 2A from inside a body cavity can be secured. Such
configurations are disclosed in FIGS. 6 t0 9.

First Disclosed Example

FIG. 6 is a schematic diagram showing a configuration of a
light source unit according to a first disclosed example. FIG.
7 is a schematic diagram showing an operating condition
when LED1 in FIG. 6 is in failure.

The light source unit 16 in the light source apparatus 3
shown in FIG. 6 is substantially similar to the light source unit
16 in the first embodiment. That is, when the light source unit
16 performs special-light observation, such as narrow band
observation, the optical filter 18 that is arranged in a manner
as shown in FIG. 6 converts white light from L.ED1 into green
(G) and irradiates the lens 19 with the green light, and reflects
violet light from LED2 and irradiates the lens 19 with the
violet light. With the configuration, green (G) light and violet
light required for special-light observation are obtained.

When the light source unit 16 performs normal light obser-
vation, since the optical filter 18 retreats from inside an opti-
cal path for LED1 and is arranged at a retreat position (a
position indicated by a broken line in FIG. 6), the light source
unit 16 irradiates the lens 19 with white light only from
LEDI1. With the configuration, white light required for nor-
mal light observation is obtained.

Even if illuminating light as white light or green (G) light
is not obtained due to, e.g., a failure of LED1 during obser-
vation, since the optical filter 18 is arranged at a position as
shown in FIG. 7, the endoscope apparatus 1 according to the
present example can perform irradiation only with violet light
from the distal end portion 2B that is used at least in narrow
band observation.

Since an object can be irradiated only with violet light from
the distal end portion 2B, illuminating light required to, e.g.,
remove the insertion portion 2A from inside a body cavity can
be secured.

Second Disclosed Example

FIG. 8 is a schematic diagram showing a configuration of a
light source unit according to a second disclosed example.
FIG. 91s a schematic diagram showing an operating condition
when LED1 in FIG. 8 is in failure.

A light source unit 16A of the light source apparatus 3
shown in FIG. 8 is substantially similar to the light source unit
16 in the first disclosed example but is different in that the
light source unit 16A is configured to obtain not violet light
but white light even if LED1 fails.

More specifically, as shown in FIG. 8, the light source unit
16A is provided with a fluorescence filter 30 which can move
to be arranged in an optical path for violet light from LED2
that is reflected from the optical filter 18.

As shown in FIG. 9, in the event of a failure of LED1, the
fluorescence filter 30 is arranged in the optical path for violet
light from LED?2 that is reflected from the optical filter 18 and
has an optical property of converting taken-in violet light into
white light and emitting the white light.

That is, when normal light observation or special-light
observation is performed, the fluorescence filter 30 retreats
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from inside the optical path for LED2 and is arranged at a
retreat position, as shown in FIG. 8.

For example, if LEDI1 fails during manipulation, and illu-
minating light as white light or green (G) light is not obtained,
the fluorescence filter 30 is arranged by drive means (not
shown) in the optical path for violet light from LED2 that is
reflected from the optical filter 18, as shown in FIG. 9.

For the reason, the fluorescence filter 30 can convert taken-
in violet light into white light and irradiate the lens 19 with the
white light. Since irradiation not with violet light in the first
disclosed example but with white light from the distal end
portion 2B can be performed, white light that is normal light
can be secured, as in normal light observation. Thus, manipu-
lation can be continuously performed without interruption.

As has been described above, according to the endoscope
apparatuses according to the above-described embodiments,
a bright high-quality endoscopic image can be obtained with
a simple configuration at low cost.

The present invention is not limited to the above-described
embodiments and modifications, and various changes, alter-
ations, and the like can be made without departing from the
scope of the present invention.

What is claimed is:

1. An endoscope apparatus comprising:

a timing generator which outputs an index signal in prede-
termined cycles;

an image pickup section including a solid image pickup
device in which color filters of a plurality of colors are
provided at front faces of a plurality of light-receiving
devices, the image pickup section being so as to pick up
an image of a site to be observed for each of image
pickup cycles, the each of the image pickup cycles being
a period from when the index signal is inputted to when
a next index signal is inputted;

a first light-emitting device which emits first illuminating
light with which the site to be observed is irradiated;

a second light-emitting device which emits second illumi-
nating light with which the site to be observed is irradi-
ated, the second illuminating light having a color differ-
ent from a color of the first illuminating light;

an illumination control section which drives the first light-
emitting device such that the site to be observed is irra-
diated with the first illuminating light, and drives the
second light-emitting device such that irradiation of the
site to be observed with the second illuminating light is
started with reference to a timing at which the irradiation
with the first illuminating light is finished, within one of
the image pickup cycles; and

an image pickup control section which controls the image
pickup section so as to collectively read out, within one
exposure period in one of the image pickup cycles,
image signals of respective colors obtained by the light-
receiving devices performing photoelectric conversion
on return lights which are returned from the site to be
observed irradiated with the first and second illuminat-
ing lights and which have passed through the color filters
of the plurality of colors,

wherein the illumination control section drives the first and
second light-emitting devices, within one of the image
pickup cycles, such that the timing at which the irradia-
tion with the first illuminating light by the first light-
emitting device is finished is substantially ata same time
as a timing at which the irradiation with the second
illuminating light by the second light-emitting device is
started, and
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the timing for stopping of the first light-emitting device is
detected on the basis of a detection result from an optical
sensor which detects light emitted from the first light-
emitting device.

2. The endoscope apparatus according to claim 1, wherein
the illumination control section drives the first and second
light-emitting devices a plurality of times within the image
pickup cycle.

3. The endoscope apparatus according to claim 2, wherein
the illumination control section drives the first and second
light-emitting devices the plurality of times such that each of
the first and second light-emitting devices lights up alter-
nately for a corresponding one of lighting time periods
obtained by equally dividing the irradiation time periods by
the first and second light-emitting devices.

4. The endoscope apparatus according to claim 2, wherein
the illumination control section drives the first and second
light-emitting devices the plurality of times such that each of
the first and second light-emitting devices lights up alter-
nately for a corresponding one of lighting time periods
obtained by dividing the irradiation time periods by the first
and second light-emitting devices by a predetermined period.

5. The endoscope apparatus according to claim 1, wherein
the illumination control section variably controls irradiation
time periods by the first and second light-emitting devices
within one of the image pickup cycles in order to adjust an
amount of exposure for each one of the image pickup cycles.

6. The endoscope apparatus according to claim 5, wherein
the illumination control section variably controls the irradia-
tion time periods by the first and second light-emitting
devices on the basis of brightness of an observed image for
one field or one frame which is obtained by the image pickup
section.

7. The endoscope apparatus according to claim 6, wherein
the illumination control section calculates the irradiation time

15

30

14

periods by the first and second light-emitting devices on the
basis of a difference between brightness of a field or a frame
obtained in one of the image pickup cycles and brightness of
afield or a frame in an image pickup cycle previous to the one
of the image pickup cycles.

8. The endoscope apparatus according to claim 1, wherein

the endoscope apparatus has a plurality of observation

modes, and

whether to light each of the first and second light-emitting

devices is controlled according to the observation
modes.

9. The endoscope apparatus according to claim 1, wherein
the index signal is a vertical synchronizing signal, which is
produced in cycles of once an image of the site to be observed
for one frame or one field as the predetermined cycles.

10. The endoscope apparatus according to claim 1, further
comprising an optical filter disposed on a side where the first
illuminating light is emitted, wherein, in the second observa-
tion mode, a portion of the first illuminating light is passed
through the optical filter and the site to be observed is irradi-
ated with the first illuminating light, and, in the first observa-
tion mode, the first illuminating light is not passed through the
optical filter and the site to be observed is directly irradiated
with the first illuminating light.

11. The endoscope apparatus according to claim 10,
wherein

the first illuminating light is white light,

the second illuminating light is a first narrow band light

having a first wavelength, and

in the second observation mode, the optical filter receives

the white light and emits a second narrow band light
having a second wavelength different from the first
wavelength.



